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Abstract

In construction projects architectural drawings are the main documents which show how a structure has to be built. In this sense,
most of the data necessary for project management are prepared based on these drawings. Therefore, architectural drawing errors
will adversely affect the constructability and hence, the time and cost of a construction project. On the other hand, although the
structures are built 3D, architectural drawings are prepared 2D. This circumstance complicates the detection of drawing errors
during the design phase. In other words, drawing errors are mostly encountered during the construction phase. In fact, drawing
errors are risks which can be detected during the planning phase in nature. In this study, it was argued that to detect drawing
errors in planning phase architectural and engineering drawings should be prepared 3D instead of 2D. In this context, drawings of
an official approved hotel project were redrawn by means of BIM to determine whether there exists drawing errors. The results of
the study revealed that drawings involved many errors and 3D drawings enable early detection of them.
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1. Introduction

Construction projects involve numerous uncertainties because of their complex nature. Since, these uncertainties
mostly arise in the construction phase; they cause time and cost overruns, and quality reduction in the projects. In
this sense, the primary goal of the design phase is to detect and eliminate or take precaution for these uncertainties
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before the construction starts. The interaction between design and construction phases in construction project is
defined by the term constructability [1]. The Construction Industry Institute (CII) defines constructability as “the
effective and timely integration of construction knowledge into the conceptual planning, design, construction, and
field operations of a project to achieve the overall project objectives in the best possible time and accuracy at the
most cost-effective levels.” [2]. Indeed, constructability is an indicator of the design quality. In other words, if the
data obtained in the design phase are difficult to understand and interpret, then constructing the building will be so
much complicated [3].

Many researches in the literature revealed that design errors are one of the most important risks in construction
projects which cause time and cost overruns. Risk is simply defined as a condition which arises under certain
circumstances with adverse effects. In other words, risk is a probabilistic condition. On the other side, architectural
and engineering drawings show the dimensions and positions of the construction elements. To be constructible
construction elements have to match up with these drawings after they are built.

In this sense, although drawing errors are often encountered in projects, they are preventable risks in nature.
Indeed, drawing 3D construction elements in 2D prevents encountering the errors in the design phase. In this study,
it was argued that architectural and engineering drawings should be prepared 3D to remove drawing errors before
the construction starts. In this context, official approved drawings of a hotel project were redrawn as 3D by mean of
BIM and potential errors which would be encountered in construction phase were determined.

2. Theoretical background and methodology

Basically, in design phase of construction projects it is determined how to meet customer requirements. In this
context, design phase consists of two successive steps. In the first step, the architectural and engineering drawings
are prepared from which also the other activities of design phase are derived. Based on these drawings in the second
step the construction, procuration and management activities of the project are planned [4]. Although decisions
made in design phase have a big impact on the projects’ time, cost and quality, they are taken with insufficient
information [5]. This uncertain nature of the projects is prone to design errors which are mostly detected in the
construction phase.

Since the design phase is too comprehensive, design errors also varies. However, design errors causing rework
and design changes are accepted as the primary contributor to time and cost overruns [6]. 70% of reworks in
construction projects are caused by design errors [7]. Although, design errors are hard to detect before the
construction starts [8], errors are the products of a person’s cognitive capability and hence, they may be prevented
[9]. In this sense, it is crucial to determine the design errors which can be detected before the construction starts.

Architectural and engineering drawings are a sort of installation guides for construction projects. They show the
geometry and position of each construction element that will be built. Therefore, for a correct production these
drawings should not include errors. However, in today’s construction industry 3D construction elements are build
based on 2d drawings [10]. In other words, the restricted visualization provided by 2d drawings prevents the early
detection of errors. On the other hand, Building Information Modelling (BIM) software which became popular in
the recent years allows preparing a 3D visual model of the buildings. BIM provides an accurate geometrical
representation of construction elements in an integrated data environment [11]. In addition, BIM also combines the
separately prepared architectural and engineering drawings in a simple drawing. In this aspect, project participants
can see what will be built in a simulated environment and identify potential drawing errors before the construction
starts [12]. In this study, it was assumed that drawing errors are detectable in the design phase and argued that
preparing the drawings 3D with BIM software instead of 2D will ease the detection of these errors. In this context,
official approved drawings of a hotel project was redrawn as 3D by mean of BIM and checked whether drawing
errors exists.
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3. Findings

In context of this study architectural and engineering drawings of a 5 star hotel which is built in Antalya were
redrawn by means of BIM. The project consists of 3 main blocks and 12 villas and has a construction area of 35.700
m?. The estimated time and cost of the project were 13 months and 3.200.000 €, respectively. However, the project
was accomplished with 2 months delay and 300.000 € cost increase.

In context of this study architectural and engineering drawings of a 5 star hotel which is built in Antalya were
redrawn by means of BIM. The project consists of 3 main blocks and 12 villas and has a construction area of 35.700
m?. The estimated time and cost of the project were 13 months and 3.200.000 €, respectively. However, the project
was accomplished with 2 months delay and 300.000 € cost increase.

3.1. Conflict between architectural and electrical drawings

This error was caused by the conflict between architectural and electrical drawings. In 2D architectural drawing
the power sockets were located 20 cm apart from the door trim in the hotel rooms (Figure 1). However, after the
electrical drawing was combined with the architectural one by means of BIM it turned out that power sockets
overlap with the door trim (Figure 2). To overcome this problem the places of the power sockets were changed after
revising the electrical drawing.
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Figure 1. Location of the power sockets
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Figure 2. Overlap of power sockets with the door trim
3.2. Conflict between electrical and mechanical installation drawings

This error was caused by the conflict between electrical and mechanical installation drawings. According to the
architectural drawing the wall box is located on the outer surface of the shaft gap where the pipelines in it (Figure 3).
However, form 3D drawing it was observed that the pipelines were passing through the wall box (Figure 4). Similar
to the previous error the electrical drawing was revised and the place of the wall box was changed.

Figure 3. The location of Wall box and pipelines
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Figure 4. Intersection of wall box with pipelines
3.3. Conflict between structural and mechanical installation drawings

The last conflict error was observed between structural and mechanical installation drawings. Since these
drawings are prepared separately by different engineers, it is almost impossible to detect them unless the drawings
are combined to a single drawing in the design phase. As seen from Figure 5, after these drawings were combined
with BIM it turned out that the pipelines in restrooms pass through the load-bearing column of the hotel. In practice,
the mechanical installation drawing was revised and accordingly, the location of washbasins was changed.

Figure 5. Intersection of pipelines with load-bearing column
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3.4. Error in the fire escape
This error was encountered in the fire escape. According to the architectural drawing 2 doors were placed on the

bottom of the fire escape (Figure 6). However, after the fire escape was drawn 3D it was observed that the elevation
of the doors was not calculated accurately in 2D drawing and hence, the doors intersected with the stair landing

(Figure 7 and Figure 8). In practice to overcome this problem the doors were canceled.
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Figure 6. Location of the doors in architectural drawing

Figure 7. Side view of the error
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Figure 8. Top view of the error
3.5. Error in architectural drawings

The last error was detected in the architectural drawing of the villas. In 2D drawing a window was placed near
the stairs for lighting purposes. Similar to the previous error, the elevation of the window was not calculated
accurately and hence, the window intersected with the stair (Figure 9 and Figure 10). Since revising the architectural
drawing would take much time, the window was canceled in the practice.

Figure 9. Inside view of the error
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Figure 10. Outside view of the error

4, Conclusion

Accomplishing a construction project within its scope is the primary goal of project management. However, the
dynamic nature of the projects involves numerous uncertainties. Most of these uncertainties arise in the construction
phase which causes delays, cost overruns and quality reduction in the project. Therefore, detecting these
uncertainties and taking countermeasures in the design phase is crucial for project management.

Drawing errors are one of the most encountered error types in construction projects. Although, these are accepted
as uncertainties, they are preventable in nature. In this study it was argued that preparing the drawings in 3D with
BIM which also combines all of the drawings into a single one, would provide an early detection of drawing errors
in the design phase. For this purpose, official approved drawings of a hotel project were redrawn with BIM and 5
drawing errors were encountered. Indeed, all of these errors were really encountered during the construction of the
hotel. Therefore, this study proved that conventional preparation of drawings prevents the early detection of drawing
errors. In other words, to eliminate the drawing errors in the design phase all architectural and engineering drawings
should be combined in a single drawing and drawn 3D.
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